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Preface 


NOTE 


The 150 Mbyte tape drive requires the use of DC6150 media 
(or equivalent) for write operations. For more information 
on QIC-150 tape format and tape compatability, see 2.5 Car¬ 
tridge Compatibility and Interchangeability. 


Purpose 


Audience 


Although this document describes the overall operation of tape drives, it is pri¬ 
marily concerned with Vi-inch cartridge drives. It gives an easy to understand 
overview of the basic principles behind magnetic media recording and care. 

Many computer systems used in office and business environments have a need to 
transfer data from one system to another, they also need to be "backed-up" so 
that important data is not lost. Back-ups can take place on a daily or weekly 
basis, depending on the needs of the user. Today, one of the most popular back¬ 
up methods is to transfer the data onto cartridge tape. 

Because transfer onto tape is so popular, many people back-up their own sys¬ 
tems. This document is intended to help people understand, handle, and care for 
their tape drive and the tapes (media) it uses. 


This tutorial is directed to a general audience of nontechnical readers. Experience 
with computer equipment is helpful but is not required to gain a better under- 
standing of tape drive equipment. 
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Preface— Continued 


Summary of Contents 
Chapter 1 

Chapter 2 

Chapter 3 


The manual has three chapters: 

The Basics of Tape Drives — contains a basic description of the generic tape 
drive. 

Recording and Playback — discusses the principles of reading and writing to and 
from a tape. 

Care and Handling of the Drive and Media — describes preventive maintenance 
for both tape cartridges and tape drives. 
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The Basics of Tape Drives 


The Basics of Tape Drives 

1.1. Tape Construction_ 

1.2. Tape Head ... 

1.3. The Drive Transport „ 

1.4. Other Functions 
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The Basics of Tape Drives 


As described in the preface, a variety of tape drives are available, but all have the 
following in common. 

Tape is made up of two parts. The first part is the base film. The second part is 
treated with a substance called a coating. 

The base film must be flexible, able to withstand tension without stretching or 
breaking, able to operate within a variety of temperature environments, and inex¬ 
pensive to produce. 

In the early days of tape recording, cellulose acetate was used as the base film. 
This was soon replaced by polyvinyl chloride (PVC). One of the most popular 
materials today is Mylar. 

All coatings contain metal particles. As the tape passes under the recording head, 
these particles are magnetized into patterns. These patterns are permanent—the 
magnetic fields remain after the tape has been recorded. The two popular coat¬ 
ings are Gamma Ferric Oxide and Chromium Dioxide. 

Figure 1-1 illustrates a cross-section of a tape showing the base film and coating. 
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4 Sun Tutorial on V* Inch Tape Drives 


Figure 1-1 


Cross-Section of Recording Tape 
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1.2. Tape Head Tape heads are basically electromagnets. They are constructed from material that 

is easily saturated with current and therefore develops magnetic fields easily. Fig¬ 
ure 1-2 shows the parts of a typical tape head. 
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Chapter 1 — The Basics of Tape Drives 5 


Figure 1 -2 Typical Read/Write Tape Head 
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As a signal, in the form of current, passes through the wire wrapped around the 
core it generates a matching current in the core, and a magnetic field is created 
across the gap as shown in Figure 1-3. 


Figure 1-3 Magnetic Field Forming Across the Gap of a Tape Head 




Magnetic Field 
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metallic particles on the tape. 
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6 Sun Tutorial on V « Inch Tape Drives 


1.3. The Drive Transport The drive transport system moves the tape across the heads in a smooth, uniform 

motion. Today most drives move the tape in both directions. The transport sys¬ 
tem has a method of detecting the beginning of the tape (BOT) and the end of the 
tape (EOT). Figure 1-4 shows the parts of the transport mechanism. 

Figure 1 -4 Transport Mechanism of a Tape Drive 



The following steps describe how the tape moves through the tape transport 

mechanism. 

1. The feed hub is part of the cartridge tape reel with the tape on it. In some 
drives, a slight amount of resistance is applied to this hub so that the tape 
remains taut. The tape travels from the feed hub, around the tape guide, and 
over the tape heads. 

2. The tape passes between the rubber-coated idle roller and the capstan. The 
capstan smoothly pulls the tape across the heads. The capstan is attached to 
the drive motor. The drive motor carefully controlls the speed at which the 
tape passes over the head so that tape moves evenly. The idle roller is 
spring-loaded, forcing the tape against the capstan. 

3. The tape passes over another tape guide and is stored on the take-up hub. A 
slight amount of forward force is applied to the take-up hub so that the tape 
remains taut on the capstan. 
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The Basics of Tape Drives 
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Other Functions 


The following steps describe how the tape functions, and Figure 1-5 illustrates 
the process. 


Figure 1-5 


Functional Diagram of a Tape Drive 




1764 


1. The signal to be recorded comes in from the source, and is amplified and 
turned into a signal that the record head can understand. This signal is sent to 
the record head and it records the signal onto the tape. 

2. When the drive is recording, a signal is put onto the tape. This signal is 
called bias. Bias helps reduce tape noise and electronically adjust the tape 
for the best recording. 

3. As the tape is played back, the signals are recognized on the tape by the 
playback head and sent to the playback amplifier. The amplifier increases 
the signal and sends it to the speaker or controller. 

4. The erase head can be used when the drive is in the record mode. It ensures 
that any signal that was present on the tape is erased prior to recording new 
information. 
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Recording and Playback...... jj 
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Recording and Playback 


Since this section describes tape drives that connect to digital computers, only 
the recording of (ones and zeros ) is covered. 

When a tape is new or has been erased, the metal particles are in complete disar¬ 
ray and exhibit no polarization as shown in Figure 2-1. 

Figure 2-1 View of Unmagnetized Media 
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12 Sun Tutorial on V* Inch Tape Drives 


Figure 2-2 View of Magnetued Media 



A magnetic field exists at each transition from a zero to a one and vice-versa as 
shown in Figure 2-3. 


Figure 2-3 



As the tape moves across the playback head, the head "reads" the magnetic field 
at each transition point. 

If two zeros or ones appear next to each other, a transition is recorded and seen 
during playback by the heads. The drive expects to detect changes within a lim¬ 
ited amount of time; if a magnetic field does not appear within the allotted time, 
the drive assumes that the previous piece of information was repeated. 
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Chapter 2 — Recording and Playback 13 


2-1. Tracks Taking a look at the tape from another viewpoint, the surface of the tape is a con¬ 

tinuous coating of metalized material. Drive heads come in a variety of styles. 
For our illustration, the tape head looks like the tape head shown in Figure 2-4. 

In addition, the tape media is the standard '/4-inch wide cartridge tape. The tape 
shown in Figure 2-4 has 18-tracks (labeled zero through 17). The arrows indicate 
the direction that the tape moves when reading or writing on each track. In this 
example, the head would move down to access tracks two through nine. 

NOTE Today, most tape drives have 18-Tracks. The number of tracks recorded is a 
function of the tape drive. 


Figure 2-4 ReadlWrite Heads of a 18-Track Drive 


Tape Head 
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2.2. Operational Modes There are basically two operational modes used in digital drives. 

o The first is START/STOP MODE. As the drive advances the tape across the 
heads, the information is read into a buffer inside the drive. Before the buffer 
is filled, the drive attempts to send the data to the host system. If the host 
system does not service the request to receive the data from the tape drive 
buffer before the drive buffer fills, the tape drive stops the tape. By this time 
the tape has moved too far, therefore, when the host system is ready to 
accept more information from the tape, the drive backs up to its original 
position, and the drive starts up and fills the buffer again. This process con¬ 
tinues to repeat until all of the desired information has been read or 
recorded. Note that doing things this way reduces the data capacity of the 
tape write operations. 

o The other operating mode is called STREAMING MODE. In this case, the 
system handles requests data fast enough to insure the buffer is never empty 
or full. The streaming mode allows the drive to perform operations without 
stopping and increases the data capacity of the tape write operations. 
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14 Sun Tutorial on V* Inch Tape Drives 


2.3. Formatting the Tape Figure 2-5 shows the QIC-150 data format used with standard cartridge-loading 

tape drives. Tape drives that record data using the QIC-150 data format do so 
using the following steps. 


Figure 2-5 Tape Format 


Data 

Block 

Preamble Marker 


Block Post 
Data Address Amble 
CRC 
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1. The Preamble synchronizes the tape head with the media. The preamble is 
12 to 30 bytes long. Slight variations occur between tapes and drives. An 
electronic circuit called the phase locked loop is used to overcome variations 
and aid synchronizatioa 

2. The Data Block Marker tells the tape head that the information coming up 
next is data. This maricer is one byte in length. 

3. The Data Block is the data that is being recorded. The data record maximum 
is 512 bytes. 

4. After the Data Block, comes the Block Address as shown in Figure 2-5. 

This address has a maximum of four bytes. The block address is also used 
for error detection and tape positioning. 

5. Following the Block Address is the CRC—Cyclical Redundancy Check. 
Redundancy check checks the accuracy of the data. The information in the 
2-block CRC field is arrived at by using the bits in the Data Block and the 
Block Address and the performing an algebraic operation on these to provide 
a unique “check” number. As the information from the Data Block and the 
Block Address are read into the computer, the central processing unit repeats 
this same CRC operation and then compares the figure with the number held 
in the CRC field. If the two do not match, an error has occurred and the com¬ 
puter signals the operator that an error has occurred. 
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Chapter 2 — Recording and Playback 15 


6. The last field of the QIC-150 data format is the Postamble. The postable sig¬ 
nals the end of the block and completes the recording of data. The system 
repeats this operation, reading additional blocks, until all of the data is stored 
or read. 

2.4. Tape Cartridges As the tape industry has evolved, coatings and recording techniques have also 

improved considerably. One of the improvements has been the advent of the car¬ 
tridge. It is much more convenient to use than reels of tape. With reels, it is 
necessary to provide vacuum systems or other types of “tape tensioning” provi¬ 
sions so that the tape does not break when used in the start/stop mode. Cartridges 
are self-contained and because of their size and mass, do not experience the 
severe tape stresses that are present in reel-to-reel drives. 

The inner woikings of a cartridge is shown in Figure 2-6. Note that it is very 
similar to the Tape Drive Transport. 


Figure 2-6 Example of a Tape Cartridge 


Drive Belt Supply Take-up 



Belt Capstan 
Tape 

File Protect 
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2.5. Cartridge There are a variety of cartridge tape drives available. Presently Sun Worksta- 

Compatibility and tions supports a 9-track and the 18-track tape drives. The 60 Mbyte drives are 9- 

Interchangeability track, and the 150 Mbyte drives are 18-track. The 18-track drives can read other 

tapes written with 4,9,15, and 18-tracks, but always write 18-tracks. The 9-track 
tape drive cannot read or write 15-track or 18-track data. 
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The 150 Mbyte tape drive writes 18-track tapes in the QIC-150 data format. This 
tape drive uses 3M DC6150 (formerly 3MDC600XTD) cartridges. This drive 
can also read tapes recorded in the QIC-120 data format on compatible car¬ 
tridges, but does not write data in this format 

In addition, the 150 Mybte tape drive can read QIC-11 or QIC-24 data format 
cartridges tapes recorded by 4-track or 9-track tape drives. The 3M DC300XL/P 
and DC600A cartridge tapes are read compatible. 

NOTE The 150 Mbyte tape drive cannot write data in the QIC-11 or QIC-24 data for¬ 
mats. The 150 Mbyte tape drive writes a narrower track than the other tape 
drives. This narrower track prevents the reliable reading of data by other drives 
with fewer tracks. In addition, the 150 Mbyte tape drive cannot write on 
DC300XUP or DC600A cartridge tapes. 

For easy reference. Table 2-1 shows the cartridge tape and data format compati¬ 
bilities. 

Table 2-1 Cartridge Compatibility 


Data Format Cartridge Type Operation(s) 

QIC-150 

DC6150 & DC6037 

Read-write 

QIC-24/11 

DC600A & DC300XL/P 

Read only 


2.6. Tape Retensioning As mentioned before, to read a tape reliably it is necessary to feed it over the 

heads at a steady rate. The cartridge tape drive does not use the capstan for this 
purpose. Instead, the capstan drives a belt which in turn drives the feed and take- 
up hubs. This means that tapes can have varying tension from end-to-end. When 
varying tension results in a varying tape speed over the heads, tape errors occur. 
To avoid these errors, the tape must be retensioned. 

Retensioning feeds the tape from "Start of Tape" to the "End of Tape" and then 
rewinds it to the beginning. This is done in one steady motion to even the tape 
tension out across the entire length of tape. 

Tapes should be retensioned when: 

□ The tape has been used to read 5 or more short records in "start/stop” mode. 

□ The tape is new. 

o The tape has been stored for a prolonged time, 
o Read/write errors occur. 

The command for retentioning the tape is: 

# int -f /dev/rstO retension 
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Tape Drive and Media Maintenance 


The maintenance of the '/4-inch cartridge tape drive inside your External Storage 
Module is quick, inexpensive, and easy to perform. The V4-inch cartridge tape 
(media) requires only common sense and care when handling and storing. 

3.1. Media Care The guidelines and tips that follow ensure the proper care and handling of the 

'/4-inch cartridge tapes you use with your External Storage Module. 

o When tapes are not in use, store them in their protective media covers. 

° Rewind the tape to the beginning before storing. 

□ Store the tapes in normal working environments. Confirm that the storage 
environment meets the manufacturer’s specifications. 

a Do not touch the tape with your hands; body oil can degrade the tape. 

□ Keep the tapes away from magnets or equipment that generate magnetic 
fields (monitors, radar, or television sets). 

□ Retension the tape if excessive read/write errors occur or if you suspect one 
of the following may be true: 

o The tape was used in the start/stop mode. 

o The tape was stored for a very long time. 

° The tape was stored in extreme conditions that do not conform to the 
manufacturer’s specifications. 

o The tape may have been damaged. 
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3.2. Tape Drive Preventive 
Maintenance 

CAUTION 

CAUTION 

Figure 3-1 


The tape head cleaning procedure is the only preventive maintenance that the V*- 
inch cartridge tape drive requires. The suggested operating time between mainte¬ 
nance is eight hours of tape operation, and two hours when new tapes are used 
exclusively. 

The maintenance procedure must be performed routinely after a maximum 
of eight hours and a minimum of two hours to ensure proper operation. 

Use the following steps to guide you through the tape head cleaning. 

1. If necessary, slide the head loading lever to the right to engage the tape head 
mechanism and access the tape head. 

2. Using a cotton swab and a tape head cleaning fluid or Freon-TF or Freon- 
TT, wipe the tape head clean as shown in Figure 3-1. 

Do not use alcohol to clean the tape head. 

1. Using a clean cotton swab, wipe the head again to remove any residue. 
Cleaning the Tape Head 


3.2. Tape Drive Preventive 
Maintenance 

CAUTION 

CAUTION 

Figure 3-1 



Oxide Bulid-up 
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READER COMMENT SHEET 


Dear Customer, 

We who work at Sun Microsystems wish to provide the best possible documenta¬ 
tion for our products. To this end, we solicit your comments on this manual. We 
would appreciate your telling us about errors in the content of the manual, and 
about any material that you feel should be there but isn’t. Comments on the Sun 
Tutorial on ‘A Inch Tape Drives (800-1315-05) are: 

Typographical Errors Please list typographical errors by page number and actual text of the error. 


Technical Errors 


Please list errors in technical accuracy by page number and actual text of the 
error. 
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READER COMMENT SHEET — Continued 


Content 


Layout and Style 


Send comments to => 


Did this guide meet your needs? If not, please indicate what you think should be 
added or deleted in order to do so. Please comment on any material that you feel 
should be present but is not Is there material found in other manuals that would 
be more convenient if it were in this manual? 


Did you find the organization of this guide useful? If not, how would you rear¬ 
range things? Do you find the style of this manual pleasing or irritating? What 
would you like to see different? 


Sun Microsystems, Inc., Attn. Technical Publications Mgr. 
2550 Garcia Avenue, Mountain View, California 94043 
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